With the development of modern military, infrared imaging technology is widely used in this field. However, limited by the mechanism of infrared imaging and the detector, infrared images have the disadvantages of low contrast and blurry edge by comparison with the visible image. These shortcomings lead infrared image unsuitable to be observed by both human and computer. Thus image enhancement is required. Traditional image enhancement methods on the application of infrared image, without taking into account the human visual properties, is not convenient for the human observation. This article purposes a new method that combines the layering idea with the human visual properties to enhance the infrared image. The proposed method relies on bilateral filtering to separate a base component, which contains the large amplitude signal and must be compressed, from a detail component, which must be expanded because it contains the small signal variations related to fine texture. The base component is mapped into the proper range which is 8-bit using the human visual properties, and the detail component is applied the method of adaptive gain control.
INTRODUCTION
Infrared image is the product of infrared technology combined with imaging techniques. Its principle is based on the different perceived infrared radiation on the infrared detector between target and background. Due to the infrared image for passive imaging and its spectrum beyond the visible light range, the infrared image break through the spectral response and radiation exposure limits on human perception [1, 2] .Thus, the status of infrared imaging technology is getting more and more attention around the world. Modern high-quality infrared cameras have high dynamic range (HDR), up to 14-bit, and can potentially accommodate a large number of signal variations without losing the perceptibility of low contrast details [3] . Moreover, traditional display devices have only 256 gray levels and cannot represent all the information available in the original digital data. Limited by the mechanism of infrared imaging and the detector, infrared images have the disadvantages of low contrast and blurry edge by comparison with the visible image.
These shortcomings lead infrared image unsuitable to be observed by both human and computer and bring inconvenience * E-mail: chenhongyu@sia.cn ; Phone: 024-23970522 The first goal aims at forcing the data to the dynamic range of display device and the second one makes the output image a natural representation for human observe. Traditional image enhancement methods on the application of infrared image, without taking into account the human visual properties, is not convenient for the human observer. For example, histogram equalization [4] , which includes global and local algorithm, is able to improve the contrast, but at the same time it enhances the noise excessively and distorts the details. Therefore the visual effect of an enhanced image will be depressed.
In this paper, it purposes a new method that combines the layering idea with the human visual properties to enhance the infrared image. This paper is organized as follows: section 2 presents the details of the proposed method.
Experimental results of the proposed method and its comparison with other methods are shown in section 3. In section 4, the method is concluded.
PROPOSED METHOD
In this section we will present the details of our infrared enhancement method. The proposed method relies on bilateral filtering to separate a base component, which contains the large amplitude signal and must be compressed, from a detail component, which must be expanded because it contains the small signal variations related to fine texture [5] . The two components are processed respectively and finally recombined. The intact principle scheme of the proposed algorithm is clearly illustrated in Fig The overall process is very simple: first a bilateral filter is applied to the input image in I to obtain the image B I , which is called the base component.
Where , k i j is a normalization term:
The bilateral filter can smooth small fluctuations intensity while preserving strong edges [6] , as shown in Fig.2 .As the original image and original base component have low contrast, we make a linear mapping to shown the information in the original image and base component. It is widely acknowledged that human eyes detect the object via the strong edges. After the preliminary separation by a bilateral filter, the detail component is merely obtained as
The two components are then processed separately. The base component is mapped into the proper range which is 8-bit using the human visual properties, and the detail component is applied the method of adaptive gain control. These approaches will be presented in sections 2. 
Human visual properties for base component
In the processing of base component, we use the method based on human visual properties. According to how human eyes obtain information, this method can ensure that the gray differences between adjacent regions are maximally perceived by human eyes under the premise of keeping information. Based on the adjacency relation of image regions, a gray consolidation strategy is proposed to represent image using the least gray. Then according to the Just Noticeable Difference (JND) curve, it signs a gray mapping relation for maximum perception of human eyes to enhance image. The algorithm is clearly shown in Fig. 3 .It's a kind of visual light image enhancement method, and we use it on infrared image. We make some improvements to this method. In the regions segmentation, the paper image enhancement method for human vision by LIU Xun and WU Jin [7] uses the method of watershed algorithm.
Input image
Regions segmentation Gray mapping Gray consolidation Output image Because of the non-uniformity, watershed algorithm [8] will make the false contour appear, as it's shown in Fig.4 .
This will depress the visual effect. Thus, a new segmentation method is proposed. The principle of the new segmentation regards each pixel as an area to avoid the false contour.
In the gray consolidation section, we tried the method mentioned in LIU and WU. For a visible light image, after consolidation the number of the elements in least gray list must be within 256. But using this method on infrared images, the elements in least gray list are more than 256, which is also out of the display device range. Through the extensive statistics, we find that the gray of background is low and continuous，and the gray of target we want to enhance is high and un-continuous. According to this statistics, we make the sample processing to the low gray area and keep the high gray area. After experiments, this method can compress the range within 256. 
Adaptive gain control for detail component
In the processing of detail component, Adaptive gain control method is used to enhance the edges adaptively and reduce the noise. As mentioned before, the detail component must be expanded because it contains the small signal variations related to fine structures. However, it also contains most of the noise in the original image signal. If the detail component is magnified directly, it will give rise to an unacceptable amplification of noise in the homogeneous region of the image.
Psychophysical experiments confirm that noise in flat regions of the image will give rise to spurious or texture to the observer and that at sharp transitions in image intensity the contrast sensitivity of the human visual system decreases with the sharpness of the transition [6] . This masking effect of the human visual system results in lower noise visibility in the complex background. Katsaggelos et al. adopted the local variance as noise masking function , f i j to measure the spatial detail. Then they defined the noise visibility function in Eq. (5). It is clear from Eq. (5) that for the areas with high spatial activity, the visibility function goes to zero and noise is almost unperceivable; while for flat areas the visibility function goes to 1 and noise is in complete exposure [9] . as gain item. Thus, in the smooth region of the image, the gain of the details should be set low to avoid the noise overamplification. On the contrary, in the high spatial activity area of the image, the gain of the details should be set high to enhance the image's visual effect. Fig.6 shows the adaptive gain control for detail component. From images above, we can see that the method we proposed can enhance the detail adaptively. In the smooth region of the image, the noise isn't overamplification. On the contrary, in the high spatial activity area of the image, the details are set high to enhance the image's visual effect.
After the processing above, the two parts are recombined and quantized to 8-bit domain.
EXPERIMENTS
In this section, we carry out a set of experiments assessing the performance of the introduced method, and compare with the results produced by the other method. And the comparison indicates great advantage of our method. As shown in Fig.7 (a) , after linear mapping, the visual effect has been improved, but it doesn't solve the problems of blurry detail. In the processing of histogram equalization, we use the plateau histogram equalization. Because of the non-uniformity, there has been excessive saturation in the processed image. In Fig.7 (c) and (d), the multi-scale Retinex can enhance the details as well compared with our proposed method, but it makes the images darker, which is unsuitable for human to observe. The overall visual effect our method is better than it.
CONCLUSION
In this paper, we have proposed a new method that combines the layering idea with the human visual properties to enhance the infrared image. There are two contributions in this article: firstly, the enhancement based on human visual
properties, a visible light image enhancement method, is used to deal with the infrared image; secondly, an adaptive gain control method is proposed. The experimental results show that the proposed method can not only compress the high dynamic range of the infrared image but also enhance the details of the infrared image.
